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Abstract. The formula for the electric field of a point charge moving with constant
velocity is derived using the symmetry properties of Maxwell's equations - its Lorentz
invariance. In contrast to conventional treatments, the derivation presented does not use
retarded integrals or relativity transformations.
     We are interested in a simple and concise derivation of the formula for the electromagnetic field
produced by an electric charge moving with constant velocity. The standard textbook approach is
commonly based on the relativistic transformation of the fields. The whole case looks such as if
classical electrodynamics is incomplete and needs external facilities in order to derive some of its
formulae. Really, of course, electrodymanics is a consistent theory and all necessary relations can
be obtained from Maxwell’s equations without recourse to any extraneous postulates. Recently
Prof. Jefimenko has demonstrated that in a series of works. However, below the method is proposed
which is more straightforward and matter-of-course comparing with what was given in [1].
     Nowadays the symmetry properties of physical systems are usually brought to the forefront.
Frequently, they receive the rights of their own and lay the basis for the whole theory, as it was first
with special relativity. However, sometimes, when needed, they don’t find proper implementation.
In this connection I would like to emphasize another time that the primary destination of symmetry
relationships is to make easier the procedure of integrating the equations.
     We proceed from the wave equations for electromagnetic potentials A  and ϕ
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They are easily obtained from Maxwell’s equations
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combining it with the Lorentz gauge
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2     Now, we have to solve equations (1), (2) and then using (3) get the necessary formulae. For the
source, moving with the velocity const=v , the charge density is
( )tvx −ρ
and the current density
( )tvxvj −= ρ
It implies that the electromagnetic potentials are also the functions of tvx − . With this one may
take advantage of the symmetry properties of the system (1), (2).
     The basic fact is that the left-hand side of the inhomogeneous d’Alambert equation
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is Lorentz-invariant. That enables us to reduce the kinetic problem to the static one. However, in
order to do this, one does not need the whole Lorentz transformation. It suffices to use the part of it:
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Passing in (4) to the reference frame (5) gives:
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where
( ) 2/122 /1 −−= cυγ
Hence
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3Taking into account that in new frames
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     Following this line let us consider the motion of a point electric charge. In this event the set of
the equations (1), (2) looks as
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Passing to the reference frame (5), which moves uniformly along the axis 1x  together with the
charge, we get
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In the right-hand sides of (6) and (7) the following property of the / - function was used
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Using the relation
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the static problem (6), (7) is easily resolved:
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4Next, we calculate the portions for (3)
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In spherical coordinates we have
θυ cos1 rtx =− ,      θsin22322 rxx =+
where θ   is the angle between the radius vector ( ) 332211 xxtx iiir ++−= υ  and 1x  axis. Thus
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Using it in (11) we find finally
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The latter is just the famous Heaviside formula. It describes the real physical effect of the
“squashing” the electric field against the direction of motion:
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I wonder why the derivation of (12) presented did not become common for textbooks.
5     At last, let us find the total electromagnetic force field generated by the moving charge q . We
have from (8), (9)
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The total force on a charge 0q  is given by
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That is just the formula for the Heaviside ellipsoid const=ψ , where Rq /=ψ , R  is given by (10)
and gradient ∇′  is taken in moving coordinates (5). So, you see that the total electromagnetic force
field is undergone the real physical effect of the Lorentz contraction along the direction of motion.
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